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A b s t r a c t
The objectives of this study were: (1) to compare 2 methods of serology; (2) to compare 3 histologic techniques; and (3) to com-
pare 2 methods of detecting shedding in pigs experimentally challenged with Lawsonia intracellularis. The sensitivities of these
tests were determined by the detection of infection. Forty 5-week-old pigs were inoculated on day 0 with intestinal homogenate
from pigs with proliferative enteropathy (PE). Clinical evaluation was done on day 7 and daily from day 14 to 28 postinocu-
lation. Fecal shedding of L. intracellularis was monitored by use of polymerase chain reaction (PCR) analysis and immuno-
peroxidase staining at 7-day intervals. Serum was obtained on days 0 and 28 for serologic testing by glass slide and tissue cul-
ture indirect fluorescent antibody tests. At euthanasia on day 28, gross intestinal lesions were evaluated and ileum samples
collected for histologic analyses. Ileal histologic sections from each animal were stained by hematoxylin and eosin, Warthin-
Starry silver stain, and immunohistochemistry (IHC). Of the 40 pigs, 36 had gross lesions typical of PE at necropsy. The per-
centage of agreement between the 2 serologic methods was 94.4%. Immunoperoxidase stain of fecal smears was more sensi-
tive than PCR for detecting fecal shedding, especially on day 21 (89.5% and 60.5%, respectively) and day 28 (59.4% and 37.5%,
respectively) post-inoculation. The IHC stain was much more sensitive for detecting infection than the routinely used hema-
toxylin and eosin and Warthin-Starry silver stains. In conclusion, in experimentally infected pigs, both serologic methods were
appropriate techniques for detecting infection. For fecal samples, PCR has low sensitivity. Immunohistochemistry is the best
diagnostic tool for formalin-fixed samples.

R é s u m é
Une étude fut entreprise afin de comparer, chez des porcs infectés expérimentalement avec Lawsonia intracellularis, deux méthodes
sérologiques différentes, trois techniques histologiques, et deux méthodes pour détecter l’excrétion. La sensibilité des différentes épreuves
fut obtenue par la détection des animaux infectés. Au jour 0, 40 porcelets âgés de 5 semaines furent inoculés avec du contenu intestinal
homogénéisé provenant d’un porc souffrant d’entéropathie proliférative (PE). Une évaluation clinique fut faite au jour 7 et quotidiennement
entre les jours 14 et 28 post-inoculation (PI). L’excrétion fécale de L. intracellularis fut surveillée à des intervalles de 7 jours par une épreuve
d’amplification en chaîne par la polymérase (PCR) et par une coloration à l’immunoperoxidase. Des échantillons de sérum obtenus aux jours 0
et 28 PI furent éprouvés par immunofluorescence sur lame et en culture cellulaire. Lors de l’euthanasie au jour 28 PI, une évaluation des
lésions intestinales macroscopiques fut faite et des échantillons d’iléon prélevés pour examen histologique. Des sections histologiques d’iléon
provenant de chaque animal furent colorées à l’aide de la coloration à l’hématoxyline et l’éosine (HE), de la coloration à l’argent de Warthin-
Starry (WS) et par immunohistochimie (IHC). Des lésions macroscopiques typiques de PE furent observées chez 36 des 40 porcs. Le degré
de concordance entre les deux méthodes sérologiques était de 94,4 %. La coloration par immunoperoxidase s’est avérée plus sensible que
l’épreuve PCR pour détecter l’excrétion fécale, plus spécifiquement au jour 21 PI (89,5 % et 60,5 %, respectivement) et au jour 28 PI (59,4 %
et 37,5 %, respectivement). La coloration par IHC était beaucoup plus sensible que les colorations HE et WS pour détecter la présence de
l’agent infectieux. Lors de cette infection expérimentale, les deux méthodes sérologiques se sont avérées appropriées pour détecter les animaux
infectés. L’épreuve PCR à partir d’échantillons de fèces est peu sensible et la coloration IHC est la meilleure pour des échantillons fixés à
la formaline.

(Traduit par Docteur Serge Messier)



I n t r o d u c t i o n
Proliferative enteropathy (PE) is an intestinal infectious disease

caused by the intracellular bacterium Lawsonia intracellularis (1).
Although first reported in 1931, research interest was minimal
until the early 1970s. This disease has already been described in
several species, including rat, guinea pig, rabbit, ferret, emu, pig,
monkey, deer, and horse (2). It has been best described in swine, and
it occurs worldwide. The economic losses that result from PE are
caused by 2 major clinical aspects of the disease, namely acute
hemorrhagic diarrhea and death in young adult pigs and chronic
diarrhea and reduced growth performance in growing pigs. Despite
some economic loss estimates in the literature (3,4), the preva-
lence of PE worldwide remains poorly known. The main explana-
tion is the lack of availability of sensitive methods for diagnosis of
the disease. 

There are 3 ways to diagnose PE in live animals: serology,
immunoperoxidase (IPX) staining of fecal smears, and polymerase
chain reaction (PCR) of fecal samples (1,5). Jones et al (6) and
McOrist et al (7) indicated that as few as 10 L. intracellularis organ-
isms could be detected by PCR in DNA extracted from infected
mucosal filtrate. However, there are many inhibitory factors within
fecal specimens that could hamper the PCR amplification reaction
(8). When using the indirect immunofluorescence technique with
monoclonal antibodies specific for L. intracellularis in fecal smears,
clinically affected animals are usually found to be excreting the agent
(9,10). In contrast to the PCR technique, inhibitory factors in feces
may not affect immunologic tests. 

Knittel et al (11), using an indirect fluorescent antibody (IFA)
serology test with pure culture of L. intracellularis as antigen in
96-well plates, detected the bacterium in 90% of experimentally inoc-
ulated pigs 3 to 4 wk postinoculation, showing IFA to be more
sensitive than PCR in fecal samples for detecting L. intracellularis in
inoculated pigs. The limitation of serologic tests is the need for
in vitro maintenance of the bacteria as a source of antigen. Only a few
laboratories in the world have established in vitro pure cultures of
L. intracellularis. After in vitro cultivation, acetone-fixed cultures of
L. intracellularis in 96-well plates need to be stored at �20°C until
used. In contrast, glass slides coated with pure L. intracellularis
can be fixed and stored at room temperature; as a result, transport
and commercialization may be easier. Therefore, these coated
slides would be another option to facilitate the availability of sero-
logic tests for veterinary diagnostic laboratories. These slides would
allow more economical testing of a smaller number of samples.

Proliferative enteropathy may be diagnosed postmortem from the
typical macroscopic lesions, but histologic confirmation is necessary.
Severe PE is diagnosed promptly by the demonstration of enterocyte
proliferation in routine hematoxylin and eosin preparations; how-
ever, for visualization of the bacteria in the cytoplasm of enterocytes,
special stains are necessary. Warthin-Starry silver stain allows the
detection of the bacteria in histologic sections, improving the diag-
nostic sensitivity, but the technique has limitations when applied to
autolyzed and necrotic samples (12). Immunohistochemistry (IHC)
procedures with mouse monoclonal antibody to L. intracellularis (9)
have been used successfully to diagnosis PE. There is no informa-
tion in the literature comparing these techniques for diagnosing PE. 

Serology gives information about historical exposure to L. intra-
cellularis, histology may demonstrate the presence of L. intracellularis
or of classic lesions related to the disease syndrome, and shed-
ding may be related to the infectiousness of the disease. Therefore,
the objectives of this study were: (1) to compare 2 methods of
serology; (2) to compare 3 histologic techniques; and (3) to compare
2 methods of detecting shedding in pigs experimentally challenged
with L. intracellularis. The sensitivities of these tests were determined
by the detection of infection.

M a t e r i a l s  a n d  m e t h o d s

Animals
All procedures were conducted in accordance with the guidelines

of the Animal Care and Use Manual of the University of Minnesota
and were approved by the Institutional Animal Care and Use
Committee. Forty 5-week-old pigs of mixed gender (20 gilts and
20 barrows), weighing between 20 and 30 lb (9 and 13.6 kg), were
obtained from a herd with no history or record of PE. The herd was
serologically negative for L. intracellularis by tissue culture IFA
and also serologically negative for porcine respiratory and repro-
ductive syndrome and Actinobacillus pleuropneumoniae. It was clin-
ically negative for Salmonella choleraesuis, transmissible gastroenteritis,
and pathogenic Brachyspira species. Segregated early weaning at 16 d
of age to an off-site nursery was routinely performed on the farm to
help minimize any respiratory disease. All pigs were inoculated with
an intestinal homogenate from PE-diseased mucosa via stomach tube
on days 0 and 1. 

Preparation of inoculum
The inoculum was prepared from porcine intestine affected by his-

tologically confirmed PE, according to a previously described
model (13). The scraped mucosa from affected intestines of several
pigs was blended with sucrose-potassium-glutamate solution
(SPG), 1:1 w/v. All pigs received 2 doses of 25 mL of the inoculum,
and the total dose given per pig was approximately 3.4 � 109 L. intra-
cellularis organisms. Bacteriologic testing of the inoculum did not
detect any other enteropathogenic confounding organisms. Samples
were negative for Brachyspira sp., Salmonella choleraesuis, Yersinia sp.,
and �-hemolytic Escherichia coli.

Quantification of inoculum
Quantification by IPX staining (DAKO K675; Dako Corporation,

Carpinteria, California, USA) using a monoclonal antibody specific
for L. intracellularis organisms (9) was accomplished by making
serial 1:10 dilutions of the inoculum in sterile phosphate-buffered
saline (PBS). A 15-well glass slide was coated with 10 �L of each
dilution and dried at 37°C for 30 min. The slide was then fixed with
cold acetone and stained by IPX. The numbers of L. intracellularis
were counted using a light microscope. 

Clinical observation
Health observations were all made by the same person on day 7

and daily from 14 to 28 d postchallenge. Fecal consistency, behav-
ior, and body condition were observed. The fecal score was based
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on the following characteristics: 1 — no diarrhea; 2 — semi-solid
feces with no blood; 3 — watery diarrhea without dark or bloody
feces; 4 — blood-tinged feces, loose or formed; and 5 — profuse diar-
rhea with frank blood or dark tarry feces. Behavior and body con-
dition were based on the following characteristics: 1 — normal; 
2 — slightly to moderately gaunt and depressed, or listless, but still
standing; 3 — severely gaunt, depressed, and recumbent.

Necropsy and macroscopic lesion evaluation
All pigs were euthanized 28 d after inoculation. Gross PE lesions

in the jejunum, ileum, cecum, and colon were evaluated and scored
separately in each pig in the following manner: 0 — normal; 
1 — mild mesenteric and intestinal wall edema and hyperemia; 
2 — mild to moderate edema and hyperemia of the mesentery and
intestinal wall, as well as corrugated intestinal mucosa; 3 — severe
mesenteric and intestinal wall edema and hyperemia, as well as
necrosis of the mucosal surface with formation of pseudodiph-
theric membranes (necrotic enteritis); and 4 — moderate to severe
edema and hyperemia of the mesentery and intestinal wall, thick and
corrugated mucosa, and blood clots in the intestinal lumen. The
scored lesion length at each intestinal section was measured and
recorded. Samples of ileum 2 cm from the ileocecal valve were
fixed by immersion in 10% neutral buffered formalin.

Histologic tests
The formalin-fixed ileum samples were processed routinely for

histology, embedded in paraffin, and sectioned (5 �m thick). Three
sections of each sample were made. One section was stained with
Warthin-Starry, one with hematoxylin and eosin (14), and the last

by the IPX method of labeled streptavidin (DAKO K675; Dako
Corporation) with mouse monoclonal antibodies to L. intracellularis
(9). 

Fecal shedding tests (PCR and IPX)
Fecal samples collected at 14, 21, and 28 d postchallenge were

analyzed by PCR, using primers described elsewhere (15), and by
an IPX stain, using the method of labeled streptavidin with mouse
monoclonal antibodies (9). 

Serology testing (tissue culture IFA and glass
slide IFA tests)

Blood samples were collected at day 0 and day 28 postchal-
lenge. The IFA procedure used in both tests was similar to that
described by Knittel et al (11). The major difference between the
2 serologic methods used in this study was the procedure used for
antigen preparation. Briefly, for the tissue culture IFA test, 96-well
culture plates with 5 � 103 McCoy cells per well were prepared for
the serologic test. Cells were allowed to grow for 24 h prior to
infection. Pure culture of L. intracellularis strain VPB4 was added to
Dulbecco’s modified Eagle’s medium (DMEM; JRH Biosciences,
Lenexa, Kansas, USA) with 5% fetal bovine serum (FBS), and 100 �L
was added to each well. The plates were incubated for 5 d in 8.0%
O2, 8.8% CO2, and 83.2% N2. Cold 50% acetone and 50% methanol
solution was used to fix the cells.

For the glass slide IFA test, 15-well glass slides (ICN Biomedicals,
Aurora, Ohio, USA) were prepared. The wells were coated with
whole bacteria purified from the supernatant of T-175 cm3 flasks of
the L. intracellularis pure culture. For this purpose, the supernatant
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Figure 1. Fecal scores on day 7 and from day 14 to 28 postchallenge. Score 2: semi-solid feces with no blood; score 3: watery diarrhea without dark or
bloody feces; score 4: blood-tinged feces, loose or formed; and score 5: profuse diarrhea with frank blood or dark tarry feces. Score 1 (normal feces) was
not included.



from a monolayer highly infected with L. intracellularis was cen-
trifuged for 20 min at 1250 � g and suspended in PBS 3 times.
One last centrifugation was then performed for 5 min at 200 � g to spin
down any nuclei or cell debris. A concentration of 106 bacteria/mL
was used as antigen. The same method used to titer the inoculum
was used to titer the antigen. Ten microliters of antigen was added
to each well of the glass slide and then incubated at 37°C until
completely dry. The coated glass slides were then fixed with acetone.
Two-fold dilutions of serum, starting at 1:30, were tested, and ani-
mals with a titer of 1:30 or higher were considered positive in both
tests.

Statistical analysis
All tests were performed using known positive and negative

controls. All 40 animals had been challenged but not necessarily
infected. There is no “gold standard” diagnostic method for detect-
ing L. intracellularis-infected animals. As a result, we considered the
pig infected when it tested positive at any time by PCR in fecal sam-
ples or by IHC in ileum sections. The combination of these 2 tests was
chosen to assure positivity on the basis of the high specificity of the
monoclonal antibody used in IHC (100%) (9) and the PCR used to
detect fecal shedding (100%) (15). The sensitivity of each diagnos-
tic method was evaluated using the above-described criteria for
detecting infection. The agreement between the titers obtained
with the 2 serologic tests was assessed using the Spearman rank cor-
relation test. The kappa test was used to evaluate the agreement
between IPX and PCR for detecting fecal shedding at each sample
collection date and the agreement between fecal shedding detected
by PCR and IPX on day 28 postchallenge and by IHC in ileum

samples. To test association, the crude lesion length data were
adjusted by multiplying the level of severity of the lesions (0 to 4)
in each intestine segment by the length of the lesion in that segment.
The Spearman rank correlation test was used to test association
between adjusted total lesion and each serology method. The agree-
ment between the presence of macroscopic lesions and positivity
detected by the 2 serologic methods and between the presence of
macroscopic lesions and IHC was determined in a 2 � 2 table.
The agreement between the presence of macroscopic lesions and fecal
shedding detected by PCR and IPX on days 21 and 28 postchallenge
was also determined in a 2 � 2 table. The kappa test was not cal-
culated when the agreement was lower than 60%.

R e s u l t s  

Clinical observation
Figures 1 and 2 show the results of consistency of feces and

behavior/body condition. Four pigs had to be humanely euthanized
during the experiment, owing to very poor clinical conditions, on
days 21, 23, 24, and 26 postchallenge. All 4 pigs had severely
watery stools (score 3) for 4 or more days. Consistency of the feces
and behavior/body condition were highly associated on days 21 and
28 postchallenge, rho = 0.7 and 0.82, respectively. In contrast, on day
14, the association was very poor, rho = 0.18.

Macroscopic lesions
Figure 3 shows the distribution of total lesion length of the intes-

tines of affected pigs. As the data shown in Figure 3 do not have a
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Figure 2. Behavior and body condition scores on day 7 and from day 14 to 28 postchallenge. Score 2: slightly to moderately gaunt and depressed or list-
less but still standing; score 3: severely gaunt, depressed and recumbent. Score 1 (normal) was not included.



normal distribution, they were analyzed by non-parametric meth-
ods. Represented in the first column in Figure 3, 4 out of 40 chal-
lenged animals did not have any macroscopic lesion compatible with
PE. One of those 4 animals was negative in all the diagnostic tests
except the tissue culture IFA test, which was positive at the cut-off
dilution (1:30). Consequently, according to the predefined criteria,
this animal was considered not infected. Also represented in the first
column in Figure 3, 4 other animals had small macroscopic lesions
(less than 7 cm, grade 1) in the colon only, but they were also pos-
itive by PCR and both serologic methods. The remaining 11 animals
that are represented in the first column had lesions of grade 1 and
2, up to 16 cm long and restricted to the ileum. Seventeen pigs
had lesions between 120 and 270 cm in length; these lesions were
classified mostly as grade 2 or 3, extending cranially toward the mid-
dle jejunum. The 2 animals that had the longer grade 3 lesions, affect-
ing the ileum and jejunum, are represented in the 2 columns on the
right side of Figure 3. These animals were 2 of the 4 pigs that had to
be euthanized during the experiment. 

Evaluation of sensitivity
According to the criteria set previously, 2 of the 40 challenged ani-

mals were considered not infected (i.e., not shedding L. intracellu-
laris in the feces at any collection date and negative for L. intracel-
lularis antigen by IHC at necropsy) and were excluded from the
sensitivity evaluation. These 2 animals were negative by IHC and
by all PCR and IPX tests of fecal samples. One was seropositive at
the cut-off dilution (1:30) by the tissue culture IFA test and negative
by the glass slide IFA test on day 28 postchallenge. It did not have
any macroscopic lesions. The other was seronegative by the tissue

culture IFA test but positive by the glass slide IFA test (1:30) and was
classified as having 6 cm of grade 1 macroscopic lesion in the
ileum. Table I summarizes the sensitivity results of each test. 

Tissue culture and glass slide IFA serology tests
All 40 animals were negative on day 0 by both tests. Out of 36 ani-

mals bled on day 28, 31 were positive by both tests, titers ranging
from 1:30 to 1:960 (Figure 4). Three samples were negative by both
tests. The remaining 2 animals were negative by all the diagnostic
tests, except that one pig was positive only by the tissue culture IFA
test at the cut-off dilution (1:30), and the other pig was positive only
by the slide IFA test, also at the cut-off dilution (1:30). These 2 ani-
mals were considered non-affected on the basis of defined criteria,
as previously described. The agreement between the 2 IFA tests,
using a 2 � 2 table, was 94.4%. The Spearman rank correlation
coefficient (rho), considering the serum titers, was 0.72.

Adjusted total lesion had poor association with both tissue cul-
ture and glass slide IFA serology results: rho = 0.47 and 0.58,
respectively. However, the levels of agreement between the presence
of macroscopic lesions characteristic of PE and positivity by tissue
culture and glass slide IFA serology tests were 78% and 83%,
respectively.

Fecal shedding detected by PCR and IPX
Table II summarizes the fecal PCR and IPX results at each sample

collection date. The levels of agreement between PCR and IPX and
the kappa coefficient on days 14, 21, and 28 postchallenge were 85%
and 0.64, 67.5% and 0.27, and 72.7% and 0.48, respectively.
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Figure 3. Distribution of 40 animals based on the total lesion length (cm), including ileum, jejunum, cecum, and colon, characteristic of PE, evaluated macro-
scopically on day 28 postchallenge, regardless of the lesion score.



There was very low agreement between the presence of any
macroscopic lesion characteristic of PE and fecal shedding detected
by PCR and IPX on day 28 postchallenge (36% and 56%, respec-
tively). In contrast, the agreement between PE macroscopic lesions
and fecal shedding detected by PCR and IPX on day 21 postchallenge
was very high (67% and 90%, respectively). Kappa was not calculated
for these comparison owing to very small numbers in some cells of
the 2 � 2 tables.

Different histologic stain techniques
The IHC test was the most sensitive histologic staining tech-

nique as shown in Table I. The 14 animals positive by hematoxylin
and eosin were also positive by Warthin-Starry staining, and the
19 pigs positive by Warthin-Starry were among the 33 positive by
IHC.

The agreement between positive antigen label by IHC and pres-
ence of macroscopic lesions characteristic of PE was 82.5%. Kappa
was not calculated because of the very small number in some cells
of the 2 � 2 table. IHC showed very poor association with both PCR
and IPX for detecting fecal shedding on day 28 postchallenge
(kappa coefficient 0.28 and 0.19, respectively). 

D i s c u s s i o n
The evolution and presentation of clinical signs observed in this

study were similar to what was obtained in trials using the same dis-
eased mucosa homogenate in a challenge model (1,13). This model
reproduces mostly the chronic form of the disease, characterized by
mild diarrhea and poor growth. As shown in Figure 1, some animals
developed diarrhea at the end of the first week postchallenge, but
it was only after the second week that the clinical signs were more

evident, with a peak at the third week. However, even during this
most clinically severe phase of the disease, less than 75% of the chal-
lenged animals presented any clinical signs. And after this peak, ani-
mals tended to recover until the end of the trial (28 d postchallenge).
In field conditions, sick pigs with mild diarrhea are easily missed;
and, even if they are detected, diarrhea is a non-specific clinical pres-
entation. Then, sample collection and further tests are necessary.
Therefore, a better understanding about the capabilities and limi-
tations of laboratory tests for detecting PE will help to evaluate the
importance of this disease in the field.

Necropsy and macroscopic evaluation of lesions are extremely
important steps toward detection of PE. Severe lesions, such as
those observed in pigs with affected intestinal segments longer
than 30 cm, are easy to detect grossly. As a result, the real challenge
in PE diagnosis is detecting those animals that have mild lesions
located in the ileum. In this study, these animals represented
almost half of the total studied. 

Both serology methods were sensitive (91.2%) in diagnosing PE
among challenged pigs. In one study, a similar sensitivity (90%) was
observed using the same tissue culture IFA test 3 wk after experi-
mental infection of pigs with pure culture of L. intracellularis (11). In
addition to their high sensitivities, the 2 tests corroborate each
other with an agreement of 94.4% and a Spearman rank correlation
coefficient (rho) of 0.72. As glass slides coated with L. intracellularis
antigen can be stored at room temperature for long periods, and 
96-well plates with eukaryotic cells infected with L. intracellularis
have to be stored at �20°C, the former may be a better option for a
broad distribution of PE serologic testing. The major drawback
for the glass slide IFA test is the excessive manipulation involved in
the procedure and the reduced number of samples that can be run
per slide: a maximum of 13 plus negative and positive controls. Both
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Figure 4. Tissue culture and glass slide immunofluorescent antibody titer distribution for 36 animals on day 28 postchallenge. Positive serum titers ranged
from 1:30 to 1:960.



methods require some practice and expertise to be read under the
fluorescent microscope, as some background fluorescence could be
wrongly interpreted as positive.

The agreement between positive tissue cultures and glass slide IFA
tests and the presence of macroscopic lesions characteristic of PE was
fairly good in this study, at 78% and 83%, respectively. Thus, both
serology tests could be used as predictors of the presence of macro-
scopic lesion of PE. Conversely, the poor association between the
serum titers and the adjusted total lesion length showed that high
or low titers do not correspond to more or less severe macroscopic
lesions. Looking at the systemic humoral immune response from a
different perspective, we would not expect serum IgG levels to
correlate with protection, because L. intracellularis is an obligate intra-
cellular organism that resides in the cytoplasm of enterocytes.
Local mucosa IgA levels and cell-mediated immune responses are
probably more involved in protection against infection. Thus, oral
or intranasal modified-live vaccines against L. intracellularis are
more likely than parentally administered ones to be protective.
At this point, detectable serum IgG against L. intracellularis should
be interpreted as indicating previous exposure to the bacteria and
gross lesions in the intestines.

More than 90% of the pigs in this study seroconverted, titers
ranging from l:30 to l:960. This probably does not represent what
happens in the field. The spread of the infection among growing-
finishing pigs is likely more sporadic and the infective dose ingested
by susceptible animals much smaller in the field than in this study.
Consequently, the percentage of seropositive pigs and the titers in
farms with PE are probably much lower than those seen in challenge
trials. More field studies have to be carried out for us to better
understand the epidemiology of the disease.

Both pigs that were excluded from the evaluation of sensitivity on
the basis of the pre-defined criteria were positive at the cut-off
serum dilution in one or other serologic test. There are 2 possible
explanations. One is that both results were false positive. The other
is that a very weak humoral immune response was still present 4 wk
after oral exposure to L. intracellularis antigen and represented
merely exposure but not necessarily infection. 

Knittel et al (11), using PCR in fecal samples, could detect shed-
ding of L. intracellularis 3 wk postinfection in only 39% of the pigs
challenged. In another study (16), PCR testing of fecal samples
from a group of experimentally infected animals detected the bac-
terium in only 38% (3 out of 8 pigs) and 25% (2 out of 8 pigs) on days
21 and 24 postchallenge, respectively. In our study, the higher
sensitivity of PCR was observed on days 14 (71.05%) and 21 (60.5%)
postchallenge. The sensitivity then decreased to 37.5% on day 28
postchallenge. The higher sensitivity observed on days 14 and 21,
in comparison with the results in both papers by Knittel et al
(11,16), might be attributed to the different challenge models. Pigs
experimentally infected with diseased intestinal mucosa, as in the
present study, usually develop more severe clinical signs and gross
lesions than animals challenged with pure culture, as in the studies
of Knittel et al (11,16). Nevertheless, sensitivity levels varying
between 37.5% and 70%, as observed in our study, and ranging
between 25% and 39%, as shown by Knittel et al, are considered low
for diagnostic tests. The specificity of PCR for detecting fecal shed-
ding of L. intracellularis at the individual animal level is close to 100%
(15); however, the sensitivity of the test is likely hampered by the
presence of fecal inhibitors (8).

Immunoperoxidase testing of fecal smears showed sensitivity close
to 90% at the peak of the disease, 21 d postchallenge. The IPX
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Table I. Sensitivity of each of the diagnostic tests based on the number of posi-
tive animals detected by the test divided by the number of affected pigs determined
by the predefined criteria (animals positive by PCR at any collection date or pos-
itive by IHC)

Number of positive pigs Total of positive Sensitivity
Diagnostic test detected by each test animals (%)
Tissue culture IFA 31 34a 91.2
Glass slide IFA 31 34a 91.2
PCR (day 14) 27 38 71.1
PCR (day 21) 23 38 60.5
PCR (day 28) 12 32b 37.5
IPX (day 14) 29 38 76.3
IPX (day 21) 34 38 89.5
IPX (day 28) 19 32b 59.4
Hematoxylin and eosin 14 38 36.8
Warthin-Starry 19 38 50.0
Immunohistochemistry 33 38 86.8
IFA — indirect fluorescent antibody test; PCR — polymerase chain reaction; IPX —
immunoperoxidase stain
a Four animals that had to be euthanized before day 28 postchallenge were not serologically
tested
b In addition to the 4 samples from the euthanized animals, another 2 fecal samples were
missed and not evaluated on day 28



technique is not affected by fecal inhibitors, as is PCR; conversely,
non-specific background could increase the number of false positives.
The IFA testing of fecal smears using the L. intracellularis monoclonal
antibody was also successfully used to detect fecal shedding in
naturally infected pigs (9,10). The advantage of IPX over IFA in fecal
smears is the reduction of background and clear visualization of the
bright red positive antigen-labeled bacteria using IPX. The high speci-
ficity of the monoclonal antibody against L. intracellularis (9) and the
use of a red chromogen, aminoethyl-carbazole (AEC), in the IPX of
fecal smears increased the confidence in detecting positive results.

The higher sensitivity of IHC over Warthin-Starry silver stain and
hematoxylin and eosin can be explained by the specific binding of
the monoclonal antibody to the 21 kD outer membrane protein of
L. intracellularis (17). Jensen et al (12) used Warthin-Starry and
IHC to examine 65 intestines from pigs with macroscopic PE lesions
and 22 intestines from pigs with suspected PE but no apparent
macroscopic lesions. They found 62 (95%) and 63 (98%) positive cases
in the group with characteristic lesions and 4 (18%) and 14 (64%) pos-
itive cases in the group suspected to have PE by Warthin-Starry and
IHC, respectively. Use of hematoxylin and eosin for diagnosis is
restricted to cases that show evident enterocyte proliferation, pres-
ent in moderate and severe cases of PE. Warthin-Starry silver stain
is not specific for L. intracellularis, and a positive diagnosis is deter-
mined by the presence of bacteria in the apical cytoplasm of pro-
liferated enterocytes. Using IHC, L. intracellularis positive antigen
can be detected even in cases of severe necrosis, in which the
mucosa is completely destroyed, or during recovery, when the
bacterial antigen is found only in the cytoplasm of mononuclear cells
in the lamina propria. As demonstrated in Figures 1 and 2, the
pigs in this study tended to recover during the 4th week; and the
number of animals with small macroscopic lesions at necropsy
was significant (4 pigs with grade 1, with small lesions in the
colon, and 11 pigs with grade 1 or 2, with lesions smaller than 16 cm).
The resolving lesions may have contributed to the low sensitivity of
the hematoxylin and eosin and Warthin-Starry silver stains at
necropsy. The high agreement (82.5%) between IHC and the pres-
ence of macroscopic lesions 28 d after infection emphasizes the
importance of IHC for the diagnosis of PE.

The poor association observed between IHC in ileum sections and
detection of fecal shedding by PCR and IPX may also be explained
by the resolution of lesions on day 28. In other words, IHC staining
may still detect L. intracellularis antigen in some glands and lamina
propria of ileum sections; however, one would expect fecal shedding
to be drastically reduced, as bacteria are not multiplying or being
released from enterocytes. A similar argument could be used to

explain the reduction of agreement between the presence of macro-
scopic lesions at necropsy and fecal shedding detected on days 21
and 28 postchallenge. 

Currently, most veterinary diagnostic laboratories are using
only hematoxylin and eosin and Warthin-Starry silver stains for his-
tologic samples and PCR for fecal or fresh intestine samples in
the diagnosis of PE. These techniques can be very easily applied
anywhere in the world. Conversely, the use of immunologic tech-
niques such as IHC for histologic samples and IPX for fecal material
is limited by the availability of the monoclonal antibody against
L. intracellularis (9). Production of rabbit polyclonal or new mono-
clonal antibodies specific for L. intracellularis would overcome this
limitation. Serologic tests have recently become more available
for PE diagnosis, but more studies must be done to validate them and
to interpret serologic profiles in field conditions.

Our findings showed the importance of the immunologic tests for
diagnosing PE. Serology seems to be a promising technique for
assessing a herd’s epidemiologic status. The IHC stain using the
L. intracellularis monoclonal antibody was much more sensitive
for detecting infection than the routinely used Warthin-Starry sil-
ver stain. The IPX staining, also using L. intracellularis monoclonal
antibody, had better sensitivity than PCR in fecal samples, but
IPX specificity in feces needs to be investigated. The low sensitiv-
ity of PCR in fecal samples suggests that testing pooled samples may
not be useful. More studies are necessary to improve the sensitivity
of PCR for detecting L. intracellularis in fecal samples. 
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